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INTRODUCTION

Sugarcane is an important cash crop in India both sociologically 
and economically [1, 2, 3]. Pulses like chickpea, pigeonpea, 
lentil, �ieldpeas and blackgram are grown in India, due to a lack 
of arable land, it is impossible to intensify crop production 
through conventional vertical and horizontal expansions. 
Inclusion of short-duration pulses in intercropping systems, can 
help to increase area under pulses, as intercropping allows for 
optimal utilization of growth resources in both the spatial and 
temporal dimensions [4, 5] in a given place. Intercropping 
optimizes natural resources use and stabilizes crop yield [6, 7] 
thus can address global food security and poverty alleviation in 
developing countries [8,9]. Sugarcane is no exception, and it 
could provide enough opportunities for intercropping pulses 
[10, 11] and more net returns [12].  Indian scenario depicts a 
grim picture of stagnant sugarcane productivity [13] and high 
cultivation costs, necessitating timely crop diversi�ication to 
make sugarcane cultivation more remunerative and lucrative.  
Intercropping sugarcane+sunnhemp, in combination with crop 
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	ABSTRACT	

Intercropping	in	sugarcane	allows	more	pro�itable	land	usage,	and	in	Tamil	Nadu,	blackgram	has	been	reported	to	be	compatible	
with	 sugarcane.	 Participatory	 on-farm	 research	 trials	 comprising	 two	 treatments:	 sole	 sugarcane	 and	 sugarcane+blackgram	
intercropping	(1:2)	were	conducted	in	the	farmers'	�ields	during	2019–20	and	2020–21	at	Erode	district	of	Tamil	Nadu,	India.	The	
results	of	the	experimentation	on	cane	equivalent	yield,	production	ef�iciency,	economic	ef�iciency,	gross	returns,	net	returns	and	
bene�it	cost	ratio	were	statistically	analyzed	using	a	randomized	block	design.			To	achieve	spatial	intensi�ication,	an	additive	design	
of	intercropping	was	followed,	wherein,	the	base	crop's	recommended	plant	population	(sugarcane)	was	retained,	and	blackgram	
was	introduced	into	the	sugarcane	inter-row	spacing.	Sugarcane+blackgram	intercropping	gave	signi�icantly	more	CEY	(143.20	and	
134.73	t	ha-1)	than	sugarcane	alone	(127.58	and	122.30	t	ha-1).	Further,	its	production	ef�iciency	(392.37	and	369.13	kg	cane	day-1)	
was	12.24%	and	10.17%	higher	than	sole	sugarcane	cropping	during	2019-20	and	2020-21,	respectively.	The	gross	(Rs.	375191	and	
353001	ha-1)	 and	net	 returns	 (Rs.	 174944	and	146674	ha-1),	 and	B:	 C	 ratios	 (1.88	and	1.71)	were	 signi�icantly	 higher	with	
sugarcane+blackgram	intercropping	than	that	of	sole	cropping.	Besides,	intercropping	also	recorded	(Rs.	479.30	and	401.85	ha-
1day-1)	30.54%	and	22.04%	higher	economic	ef�iciency	than	mono	sugarcane	cropping	in	both	the	years	of	experimentation.	Thus,	
sugarcane+blackgram	intercropping	was	found	and	economically	viable	than	sole	sugarcane.	
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residue recycling reduces soil compaction, enhances soil 
physical conditions, intensi�ies soil microbial activity and 
restores organic matter in the plant-ratoon-ratoon crop cycle 
[14].  Crop residue recycling of pulses and legumes addresses 
the issue of decreasing soil organic carbon [15]. Sugarcane + 
soybean intercropping enhanced soil nitrogenase enzymatic 
activity by 57.4% in comparison to sugarcane alone, which 
contributed to increase in dry biomass weight and yield of 35.44 
and 30.57%, respectively [16]. The organic matter content of 
sugarcane soil increased due to companion cropping of pulses 
[17], whereas cowpea and green gram has a signi�icant carry 
over effect [18]. Pulse crop residue recycling offers an effective 
solution to the critical issue of soil organic carbon depletion, 
which is mostly caused by indiscriminate/imbalanced fertilizer 
usage and a lack of use/availability of organic manures [19]. The 
sugarcane rhizosphere occupies less than one-third of the soil 
during early growth period. In the interspaces, weed grows and 
affect the sugarcane tillering and growth [20]. During formative 
phase of sugarcane, the mean light interception is less than 30% 
[21] and up to the 70 % of the land between cane rows is left 
unutilized. However, pulses like cowpea, sunnhemp, and 
soybean with a good canopy cover as smother crops in 
sugarcane-based intercropping suppressed weeds by 36.3%, 
32.3%, and 32.0%, respectively, and proved to be as effective as 
hand weeding [22]. In sugarcane-based intercropping at ICAR-
SBI, Coimbatore, found that amaranthus (65.26%), sunnhemp 
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(47.97%) and sesame (28.90%) intercepted more light than a 
sole sugarcane crop [23]. Sugarcane+pulses intercropping 
resulted in improved crop yield and increased land use 
ef�iciency, especially under adverse climatic conditions [24, 25, 
26]. In temporal and spatial complementarities in sugarcane-
based intercropping, found signi�icantly higher germination 
and tiller count in sugarcane+blackgram intercropping than 
sole sugarcane. Sugarcane+ sunnhemp intercropping recorded 
higher cane yield (173 t ha-1) than sugarcane alone [27]. 
Sugarcane+blackgram intercropping ef�iciently increased total 
yield, monetary return, resource use, and ful�illed farmers' 
diverse needs. Black gram could be raised as pro�itable 
intercrops [28] in Tropical Indian condition. Participatory on-
farm research experiments on sugarcane+blackgram 
intercropping were conducted with the goal of improving 
productivity, pro�itability, and food security in tropical 
conditions.

Materials	and	Methods

Experimental	site
Under the National Food Security Mission (NFSM) project, trials 
were taken up for two years during   –20 and 2020–21  in 
farmer's �ields in a participatory mode in the Aval Poonndurai 
(Latitude:  11°14'2"N, Longitude: 77°43'3"E and 220 MSL) and 
other nearby villages. These ten villages, viz., Vellode, Aval 
Poondurai,  Erode, Modakuruchi,  Ganapathypalayam, 
Chennimalai, Rajapalayam, Perumapalayam, Poondurai Semur 
and Thottipalayam were from Erode district of Tamil Nadu. 
Registered growers of Sakthi Sugars Ltd., Poonthurai semur 
participated in the trials. These villages come under the Eastern 
Ghats and Tamil Nadu Uplands as per Agro-Ecological 
Region/Sub Region (ICAR-Classi�ication) and receive annual 
rainfall of between 575 to 833 mm.  On-farm research trials 
(Table 1) with two treatments, i.e., T1: sole sugarcane and T2: 
sugarcane+blackgram intercropping (1:2) were conducted with 
an area of 1.0 ha each. 
Sugarcane and blackgram were planted at 150 and 30 cm of row 
spacing, respectively. Blackgram variety Vamban (VBN-Bg} 6, 
developed at the National Pulses Research Centre (TNAU), was 
provided to farmers as a critical input. A "TNAU pulse wonder" a 
micronutrient mixture foliar spray at peak �lowering of 
blackgram was done @ 5 kg /ha to boost pulse yield, decrease 
�lower shedding, and increase drought tolerance. For 
management of weeds, post emergence application of 
p e n d i m e t h a l i n  @  0 . 7 5  kg  a . i . / h a  wa s  fo l l o we d  i n 
sugarcane+blackgram intercropping system. Recommended 
irrigation management and plant protection measures were 
followed.

2.	Agro-economic	advantage	analysis	
Crop equivalent yield was used to make economic return 
comparisons. The economic yield of blackgram was converted 
to equivalent yields of sugarcane and the comparison was made 
on the basis of sugarcane equivalent yields. The cane equivalent 
yield of the sugarcane+blackgram intercropping system was 
calculated using the following equation:

Where,
n = 1, 2, 3....... n, total number of crops in association
Yi = the economic yield of ith  crop, and
ei = the cane equivalent factor of the ith crop
ei was calculated using the formula

Where,
Pi = the price of unit weight of the ith crop, and
Ps = the price of the unit weight of cane

Evaluation	of	production	ef�iciency	of	the	system	

	Production	ef�iciency
T h e  t o t a l  o u t p u t  p e r  u n i t  a r e a  p e r  d a y  o f  t h e 
sugarcane+blackgram intercropping system is referred to as 
production ef�iciency. Under the sugarcane+ blackgram 
intercropping system, output is determined by the total amount 
of production as well as the length of the total period of 
cultivation. While calculating system productivity, cane 
equivalent yield (CEY) was divided by the duration of the 
sugarcane+blackgram intercropping system.

Relative Production Ef�iciency: It is the comparative advantages 
obtained through sugarcane+blackgram intercropping over 
sugarcane alone, expressed in percentage

Economic	ef�iciency	
The economic ef�iciency of sugarcane+blackgram intercropping 
and sugarcane sole cropping systems was calculated to 
determine per day return. Basically it is the ratio of net returns 
(NR) to cropping days used in the sugarcane+blackgram 
intercropping system. This metric also known as income per day 
quanti�ies the ef�iciency of the intercropping system in terms of 
monetary value..

Relative	Economic	Ef�iciency
It  is  the comparative advantages obtained through 
sugarcane+blackgram intercropping over the sole sugarcane 
expressed in percentage.

Economic 	 Assessment 	 o f 	 sugarcane+blackgram	
intercropping	system	
The cost of cultivation was computed by summing the expenses 
of inputs and labour for sugarcane and blackgram crops from 
planting to harvest, including �ield preparation. The total 
monetary returns of the economic products gained from 
sugarcane and blackgram were used to calculate gross returns. 
The gross returns of the sugarcane and blackgram intercropping 
were calculated per hectare as per the following equation.

…………………………….. (1)

……………………………. (2)

.. (3)

×100…… (4)

…………… (5)

×10……. (6)

… (7)



	©	2023	AATCC	Review.	All Rights Reserved. 285.

A.S.Tayade	et	al.,	/	AATCC	Review	(2023)

To compare the systems true pro�itability, net returns of the 
sugarcane+blackgram intercropping system were computed by 
subtracting cultivation costs from gross returns.

..….. (8)

 The bene�it: cost index calculates the pro�it and costs associated 
with sugarcane sole cropping and sugarcane+blackgram 
intercropping systems. The bene�it-to-cost ratio was calculated 
using the returns and cultivation costs as given in the equation.

… (9)

3.	Statistical	analysis		
The results of the experimentation on cane equivalent yield, 

production ef�iciency, economic ef�iciency, gross returns, net 

returns and bene�it cost ratio were statistically analyzed using a 

randomized block design[29]. Fischer's method of analysis of 

variance was used to analyze the data and the level of 

signi�icance employed in the F and t tests was P = 0.05. When the 

F test was found to be signi�icant, the critical difference values 

were calculated at a 5% probability level.

RESULTS	AND	DISCUSSIONS  

Sugarcane+blackgram System productivity, Production 

ef�iciency and Relative Production ef�iciency  
The results presented in Table 1, showed that spatial 

intensi�ication of sugarcane grown with wide row spacing (150 

cm) is very much plausible by using blackgram as an intercrop 

with better complementarities without affecting sugarcane 

cane yield. This could be explained by the temporal niche 

differentiation (TND) effect of sugarcane+blackgram  

intercropping wherein by consuming different nutrients or 

using different areas of the environment, both species 

differentiate their niches, compete less strongly and are thus 

more likely to coexist for 70 days in the system. Blackgram can 

be harvested prior to the sugarcane tillering phase, providing an 

improved soil environment with the added bene�it of nitrogen 

�ixation, as well as an additional cane yield and interim income 

to sugarcane growers. The sugarcane+blackgram intercropping 

produced signi�icantly higher CEY of 143.20 and 134.73 t ha-1 

respectively, during 2019–20 and 2020–21 than sole sugarcane 

(127.58 and 122.30 t ha-1). The improvement in yield due 

sugarcane +Blackgram intercropping over sole sugarcane was 

to the tune of 12.24 and 10.16 per cent, respectively during 

2019–20 and 2020–21.  The results of the present study 

corroborated the �indings of[30] who reported signi�icantly 

higher cane yield in sugarcane+blackgram (146.56 t ha-1) than 

sugarcane+ greengram (144.67 t ha-1), sugarcane+soybean 

intercropping (119.57 t ha-1)  and sole sugarcane (138.65 t ha-

1). Earlier work has demonstrated that sugarcane based 

intercropping improved both yield and nutrient uptake over 

sole sugarcane. When legumes precede cereals, the yield of the 

succeeding crop is generally higher. Depending on how legumes 

are grown, different amounts of nitrogen may be left for the 

succeeding crop to utilize. Nitrogen carryover for succeeding 

cereals in blackgram can be as high as 55 kg [31, 32]. The 

sugarcane+legume intercropping system were proven to be 

more effective in nitrogen �ixation than monoculture. The 

intercropping system helped to maintain the natural pH of the 

soil while also increasing organic matter levels. Intercropping 

improves soil microbial activity [33] and diazotrophic 

population, resulting in increased dehydrogenase, urease, 

protease, and nitrate reductase activities in intercropped soil 

compared to monoculture. Nitrate reductase is the primary 

enzyme involved in denitri�ication, which contributes to nitrite 

reduction in the atmosphere and so helps to reduce harmful 

nitrite. Soil proteases, on the other hand, are important for N 

mineralization, which is required for plant development and 

nutrient availability [34]. During 2019–20 and 2020–21, the 

sugarcane+blackgram intercropping system had the highest 

production ef�iciency of 392.37 and 369.13 kg cane day-1, 

besides more productive (12.24 and 10.17 % RPE) nature than 

sole sugarcane. Intercropping sugarcane and blackgram proved 

to be more advantageous, as it resulted in higher crop yields per 

unit land area, per day.

Sugarcane+blackgram	 System	 pro�itability,	 Economic	

Ef�iciency	and	Relative	Economic	Ef�iciency		
Table 2 shows the results of Agro-economic advantage analysis 

in terms of gross returns, net returns, B:C ratio, economic 

e f � i c i e n c y  a n d  r e l a t i v e  e c o n o m i c  e f � i c i e n c y  f o r 

sugarcane+blackgram and sole sugarcane cropping. The 

economic bene�its of sugarcane+blackgram cropping systems 

i.e. gross returns (375191 and 353001 Rs ha-1), net returns 

(174944 and 146674 Rs ha-1), and B: C ratios (1.88 and 1.71) 

were found to be signi�icantly superior over sole sugarcane 

cropping systems. Higher pro�itability of sugarcane+blackgram 

under tropical Indian conditions was also observed [30].  

Intercropping using a variety of intercrops has led to substantial 

improvements, with returns ranging from 12% to 34%. 

Similarly under Indian subtropical conditions [35] also 

observed the highest cane equivalent yield (112.85 t ha-1) and 

B: C ratio (2.16) in the sugarcane+French bean intercropping 

system indicating that sugarcane+pulses intercropping systems 

are economically more viable than sole sugarcane (cane 

equivalent yield 76.33 t ha-1 and B/C ratio of 1.49). 
Perusal of data on economic ef�iciency and relative economic 

ef�iciency given in Table 2 revealed that sugarcane+blackgram 

intercropping system recorded the higher economic ef�iciency 

(479.30 and 401.85 Rs ha-1day-1) than sole sugarcane. The 

o v e r a l l  e c o n o m i c  e f � i c i e n c y  i m p r o v e m e n t  o f  t h e 

sugarcane+blackgram intercropping system over solitary 

sugarcane planting ranged from 30.54% to 22.04%.

CONCLUSION
The sugarcane+blackgram (1:2) intercropping system 

produced considerably greater cane equivalent yield and 

maximized production as well as economic ef�iciency of 

sugarcane farming over sole sugarcane planting. As a result, 

intercropping sugarcane with blackgram could be a viable 

choice for economic food security of small and marginal 

sugarcane farmers in tropical Indian conditions.
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Table	1:	Varieties	used,	spatial	arrangement	and	fertilizer	application	for	on	farm	research	trials

Table	2:	Equivalent	yield	Economic	returns	of	sugarcane	+blackgram	intercropping	system	(2019–20	and	2020–21)	

Table	3:	Production	and	Economic	ef�iciency	of	the	sugarcane	+blackgram	intercropping	system	for	crop	seasons	2019–20	and	
2020–21
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